M
anual dexterity has frequently been cited as one of the most important indicators of a person's functional independence (Falconer et al., 1991;  Otswald, Sn owdon, Ry s a v y, Keenan, & Kane, 1989; Williams, Ha d l e r, & Earp, 1982) . Because a person's ability to perform occupations of daily living and to achieve functional independence is the philosophical focus of occupational therapy, it is important to pursue and obtain as much information re g a rding those abilities as possible. Melvin (1985) stated that "the emphasis of occupational therapy on function, work, purposeful activity, and adaptation is critical to the success and livelihood of an individual t rying to ove rcome the limitation of a seve re hand injury or i m p a i r m e n t" (p. 796).
Occupational therapy practitioners often work with persons who have conditions such as rheumatoid art h r i t i s , o s t e o a rthritis, and carpal tunnel syndrome, which affect wrist movement and position and, there f o re, affect hand function. Many of the conditions that invo l ve the wrist are t reated with wrist splints or orthoses (Be n g zon & Ei c h m a n , 1966; Fess & Philips, 1987 ; Kru g e r, Kraft, Deitz, Ameis, & Po l i s s a r, 1991; Linden & Tro m b l y, 1995; Ouellette, 1991) . Custom-made, rigid wrist extension orthoses may be used to allow some hand function but tend to restrict wrist m ovement (Be n g zon & Eichman, 1966; Kruger et al., 1991; Ouellette, 1991) .
Mo re re c e n t l y, the trend has been tow a rd the use of c o m m e rcially prefabricated orthoses in cases where complete immobilization is not re q u i red. One of the most commonly used commercially produced orthoses is the wrist extension orthosis (Stern, 1991) . These orthoses prov i d e s u p p o rt but allow a certain amount of motion in some planes and allow more functional use of the hands. Of t e n , less re s t r i c t i ve orthoses are pre f e r red so that the patient may h a ve some hand function ability to perform his or her daily occupations or return to work (Linden & Tro m b l y, 1995; Ouellette, 1991) . Pa rticipants with rheumatoid art h r i t i s re p o rted increased function while wearing this type of o rthosis in a study by Nördenskiold (1994) , and they are often used in treating the growing number of persons with carpal tunnel syndrome (Falkenburg, 1987) .
The occupational therapist considers the patient's typical daily occupations when deciding on a style of ort h o s i s ( Melvin, 1989; Stern, 1991 Stern, , 1996 as well as the differe n c e s among orthoses. In an article about orthoses for carpal tunnel syndrome treatment, Falkenburg (1987) warned that "u l t i m a t e l y, any rejection by the employee of a pre f a b r i c a ted splint will prolong medical re c ove ry; there f o re, the initial selection is critical to successful tre a t m e n t" (p. 63).
To recommend the most appropriate orthosis, occupational therapists must have information re g a rding ort h o t i c d i f f e rences and their effects on performance. So far, only a f ew studies have examined commercially available wrist extension orthoses. Biddulph (1981) found that grip s t rength increased and pain lessened when persons with sprained wrists, joint trauma, or chronic arthritis wore a Fu t u ro 1 wrist orthosis as opposed to not wearing any type of orthosis or splint.
To show differences between normal hand function and hand function when the wrist is immobilized, Carlson and Trombly (1983) used a No. 705 7-in. Wrist Splint Fl e xSu p p o rt Pro d u c t 2 for the immobilization condition. T h e y used an electrogoniometer to measure wrist movement and found that the immobilized wrist had approximately 30°o f extension available during the occupations performed (the s e ven subtests of the Jebsen Hand Function Test [Je b s e n , Ta y l o r, Trieschmann, Tro t t e r, & How a rd, 1969]). T h e y found that the time needed to complete each subtest of the Jebsen Hand Function Test was significantly longer for the splinted condition, but they found no correlation betwe e n the amount of wrist movement and the time taken to complete the subtests in either condition. They also observe d g reat variation among participants in the patterns of movements used to perform the subtests.
Carlson and Trombly (1983) also found that "s e ve r a l subjects spontaneously commented about mild fatigue in their shoulders and upper trunk following activities in the i m m o b i l i zed condition" (p. 173). The authors suggested that this finding resulted from compensation for loss of wrist movement and warranted further study. They we re concerned that "patients with multiple joint invo l ve m e n t …may not be able to compensate for loss of wrist motion quite as easily [as these normal subjects]" (p. 173). In a study by Stern et al. (1997) , participants with rheumatoid a rthritis also commented on increased strain on prox i m a l joints while wearing wrist extension ort h o s e s .
In a series of studies, Stern and colleagues compare d the free-hand condition with custom-made and commercial wrist orthoses conditions. They found that the fre e hand performed better than any splinted condition and that all splints and orthoses impeded hand function. Howe ve r, the commercial splints generally allowed better dexterity and grip strength than the custom-made splints ( Stern, 1991 ( Stern, , 1996 Stern, Sines, & Teague, 1994) . Also of note is that Stern (1991) suggested the possibility that participants compensated for wrist immobilization by i n c reased use of proximal joints.
Many authorities and studies have re c o g n i zed that hand function depends not only on wrist position, but also on e l b ow and shoulder movement (Fess & Philips, 1987 ; Linden & Tro m b l y, 1995; Safaee-Rad, Sh wedyk, Qu a n b u ry, & Cooper, 1990) . When the wrist is immobilized or re s t r i c ted, the proximal joints may develop what Melvin (1989) has called c o m p e n s a t o ry stress. To date, virtually no studies have been done to determine how different wrist extension o rthoses may affect the more proximal joints.
The present study investigated the amount of prox i m a l muscle activity and wrist flexor and extensor activity that was evident when participants wore two styles of commercially fabricated wrist extension orthoses (long and short ) c o m p a red with a free-hand condition as they performed a specified movement. Muscle activity was measured with s u rface electro m yography (EMG). Hypotheses we re that (a) the splinted conditions would re q u i re more prox i m a l muscle activity than the nonsplinted (free-hand) condition; (b) the long-style orthosis would evoke more prox i m a l muscle activity than the short-style orthosis; and (c) there would be differences in the amount of wrist flexor and extensor activity in each condition.
Method

Participants
Pa rticipants we re re c ruited through verbal invitations and written notices posted at a Mi d western college. Pa rt i c i p a n t s we re 17 women between 22 and 40 years of age (M = 26.6) without current hand or upper-extremity dysfunction. All p a rticipants we re right-hand dominant.
Apparatus and Measurement Instruments
It is generally accepted that hand function is best eva l u a t e d with tests that simulate movements used in day-to-day occupations and those that use forms (objects) encountere d in eve ryday life (Brumfield & Champoux, 1984; Jebsen et al., 1969; Mc Phee, 1987; Stern, 1996) . To study the effect of orthoses on upper-extremity movements, a move m e n t that simulated picking up, emptying, and setting down a can was used in this study to provide participants with naturalistic movements for better generalizability of results to e ve ryday occupations.
Alignrite Wrist Splints with Tension St r a p, 3 both long and short styles, we re used in this study. These ort h o s e s we re chosen because they are frequently prescribed and because they are available in the long and short length with no other notable difference in style. The orthoses we re fitted so that the wrist dorsiflexion angle was between 15° and 30°, which is the recommended range for optimal function (Kraft & Detels, 1972; Mc Kee & Morgan, 1998) .
The No r a xon Myosystem 2000 EMG, 4 a surface EMG system, was used to measure motor unit re c ruitment. Pe r ry, E a s t e rd a y, & Antonelli (1981) found that surface EMG is valid for studying muscle groups as long as "all muscles in reasonable proximity have a common function" (p. 14). Su rface EMG has been used to study muscles such as the f l e xor carpi radialis (Ma t h i owetz, Bolding, & Tro m b l y, 1983) and those as small as the dorsal interosseous and the abductor pollicis brevis (Trombly & Cole, 1979) .
Procedure
Pa rticipants we re screened via written questionnaire for prior injuries to their dominant hand or upper extre m i t y that might inhibit normal hand function. Pa rticipants we re a w a re of the purpose but not the hypotheses of the study. All participants signed a consent form approved by the Human Subjects Institutional Re v i ew Board.
The participants we re randomly assigned to one of thre e "o rd e r" groups, following a counter-balanced design. On the day of testing, participants we re familiarized with the EMG equipment, and the electrodes we re placed on pre d e t e r m i n e d points on the part i c i p a n t's dominant upper extre m i t y. T h e e l e c t rode placements we re made according to instru c t i o n s and diagrams in Basmajian, Blumenstein, and Di s m a t s e k's (1980) El e c t rode Placement in EMG Biofeedback. The muscles included we re the pectoralis major, trapezius, middle deltoid, biceps brachii, medial head of the triceps, flexor carpi radialis, and the extensor carpi radialis bre v i s .
Pa rticipants sat in front of a table on which a 1-lb can was placed on a marked position, 3 in. from the edge of the table. When signaled to begin, the participants picked up the can, turned it 90° (tow a rd pronation), turned it to ve rt i c a l again, and set it on a mark 6 in. away from its initial position (see Fi g u re 1). The participants we re given three practice trials and then measured for three trials in each condition: fre ehanded, short orthosis, and long orthosis. Fo l l owing the protocol of several other hand function studies (Carlson & Tro m b l y, 1983; Kraft & Detels, 1972; Stern et al., 1994) , only the part i c i p a n t s' dominant hands we re tested.
Data Analysis
With the Myo s o f t 5 s o f t w a re system, the raw data we re anal y zed to provide a mean value re p resenting the mean area of the graphed electrical signal for each muscle during the m ovement. This number re p resents the "f o rc e" generated by the muscle over time (i.e., the amount of motor unit re c ru i tment). The mean areas for the three trials for each muscle we re averaged, and the average mean area numbers we re then used for statistical analyses (see Table 1 ).
To rule out order effects, one-way analysis of va r i a n c e ( A N OVA) with repeated measures statistics was done on the data from three muscles for all participants in each o rder gro u p. This analysis re vealed no significant differences among the groups, indicating that no order effects o c c u r red.
With the Stat Vi ew 4.5 6 statistical package, a one-way A N OVA with repeated measures was performed on the data from each muscle for all conditions at the p < .05 alpha level. For muscles and conditions with significant A N OVAs, paired t tests we re performed, comparing the f ree-hand condition to each orthosis condition and the o rthosis conditions to each other. Because multiple tests we re performed, a Bonferroni correction was done so that the tests we re performed at the p < .0167 alpha leve l .
Results
The one-way ANOVA tests with repeated measures yielded significant differences for all muscles at the p < .05 level in comparing free-hand, long orthosis, and short orthosis conditions (see Table 2 ). Pa i red t tests re vealed that for four of the five muscles of the proximal joints, there was significantly more motor unit re c ruitment during the orthoses conditions than during the free-hand condition (see Table 3 ). T h e re was no significant difference between the short and long orthosis conditions for any proximal muscle tested at the alpha level of p < .0167; howe ve r, there was significantly m o re muscle activity in the wrist extensors in the long ve r s u s s h o rt orthosis condition (see Table 4 ). The analyses showe d that there was significantly more muscle activity in the flexo r carpi radialis during both orthosis conditions than in the fre ehand condition. T h e re also was significantly more activity in the extensor carpi radialis brevis in the long orthosis condition than in the free-handed condition. Howe ve r, there was no significant difference in the wrist extensors between the s h o rt orthosis condition and the free-hand condition at the p < .0167 alpha level (see Table 5 ).
Discussion
Previous studies of wrist extension orthoses have addressed differences in hand function of participants while wearing an orthosis versus not wearing an orthosis, focusing on the movement and strength of the hand while thus restricted (Biddulph, 1981; Carlson & Trombly, 1983; Stern, 1991 Stern, , 1996 Stern et al., 1994) . However, hand function depends not only on the mobility of the hand itself, but also on the positioning of the hand by the proximal joints. The wrist, elbow, and shoulder all work together to provide this position.
In the present study we hypothesized that restriction of the wrist by a wrist extension orthosis would significantly i n c rease the motor unit re c ruitment in the muscles of the e l b ow and shoulder. This study showed that muscle activity for four muscles surrounding the shoulder and elbow (the pectoralis major, trapezius, biceps brachii, the medial head of the triceps) increased significantly when part i c i p a n t s w o re either style of orthosis. Although the fifth prox i m a l muscle (the middle deltoid) indicated increased activity, the d i f f e rence did not reach significance.
The second hypothesis proposed that there would be m o re muscle activity in the proximal muscles when part i cipants wore a long-length orthosis than when they wore a s h o rt-length orthosis. This was not borne out by the re s u l t s for the proximal muscles measured. Ev i d e n t l y, the difference in forearm length of these orthosis did not significantly alter the amount of effort needed by these prox i m a l muscles during the selected task.
The third hypothesis was that there would be differences in muscle activity of the wrist extensors and flexors in each condition. The results showed significantly more muscle activity in the wrist flexors during both orthosis conditions compared with the free-hand condition but no significant differences between the short and long ort h o s i s conditions. Gi ven that the wrist orthoses are designed to limit wrist movement, the wrist flexors appeared to be i n c reasing their effort by straining against the limitation p resented by the ort h o s i s .
The extensor carpi radialis brevis showed a slightly diff e rent pattern of response. The long orthosis re c ruited significantly more muscle activity than the short orthosis and the free-hand conditions; howe ve r, there was no significant d i f f e rence in muscle activity between the short orthosis and f ree-hand condition. Wrist extension orthoses are often prescribed for persons experiencing cumulative trauma invo l ving the extensor carpi radialis brevis or for acute tendon injuries with the intention of "re s t i n g" the affected muscles. Results of this study would question the use of these ort h o s e s for that purpose because both orthoses triggered more EMG activity than the free hand, with the long orthosis generating significantly more activity than the short orthosis. Re y n o l d s (1994) also found that a wrist splint did not deactivate or silence the wrist extensor muscles but that wrist extensor activity remained "brisk" (p. 26). Re y n o l d s's study is unclear on whether the activity increased significantly.
In another study of wrist extensor activity during the use of static wrist extension orthoses, Jansen, Olson, and Hasson (1997) equated the amount of EMG activity in the extensor carpi radialis brevis to the amount of tension applied to the tendon of that muscle. They concluded that "application of a wrist orthosis reduces electrical activity less than anticipated and only during lifting [not during grip strength tests]" (p. 283). Although not tested, Ja n s e n et al. hypothesized that a longer forearm length splint might affect the extensors more. This was supported by the results of the present study where it was found that more muscle activity occurred with the longer length ort h o s i s . Again, this is most likely because the more re s t r i c t i ve ort h osis caused the muscles to strain against the orthosis in their attempt to move in normal patterns. It should be noted, as in this study, that Jansen et al. investigated part i c i p a n t s without dysfunction and that persons with pain may exhibit different patterns of muscle activity.
The importance of this study relates to the pre s c r i p t i o n of wrist extension orthoses and the design of wearing schedules, especially for persons whose proximal joint move m e n t is already compromised, as is sometimes the case in persons with rheumatoid arthritis. Although EMG activity cannot necessarily be equated to joint motion, it can be assumed that increased EMG activity may promote muscle fatigue. Fu rther studies incorporating the use of motion analysis technology may provide helpful information re g a rd i n g actual proximal joint angles during restricted and unrestricted movements. Patients with multiple joint invo l vement could ve ry well develop further problems if muscles of the shoulder and elbow joints are called on to compensate for restriction of movement in the wrist. T h e re f o re, the benefits of wrist stability provided by an orthosis must be weighed against the potential effects of fatigue or re s u l t i n g c o m p e n s a t o ry movement on the proximal joints.
The increase in EMG activity shown in this study is also important when the cumulative effect of incre a s e d p roximal joint muscle activity is considered. The cumulat i ve effects of small differences are important because o rthoses are typically worn during strenuous tasks or when joints are especially vulnerable (i.e., during inflammatory episodes). Persons may wear orthoses for many hours per day (i.e., during the work day for those with carpal tunnel s y n d rome) and over many months. Even persons with no pathology of the proximal joints might be affected by the c u m u l a t i ve strain created by the ort h o s i s . The fact that no significant differences we re found b e t ween the two splinted conditions for all muscles, exc e p t the extensor carpi radialis brevis, presents evidence that f o rearm length of these splints may not significantly affect p roximal muscle activity. Howe ve r, this lack of differe n c e in muscle activity because of length should be considere d along with evidence from St e r n's (1996) study that a longer style (Alimed 7 ) orthosis resulted in less grip strength and d e c reased speeds on the Jebsen Hand Function Test. If this is the case, even though there is no discernible difference in the effort at the proximal joints between long and short o rthoses, hand function may be affected. Of course, the longer orthosis may be pre f e r red because it may prov i d e m o re wrist support than the short orthosis. This information should be considered when choosing an orthotic style for a patient.
As suggested by Falkenburg (1987) , the occupational therapist should take into account lifestyle and daily demands when prescribing orthoses in order to incre a s e wearing compliance. The present study suggests that the wearing of a wrist extension orthosis may create incre a s e d use of proximal joint muscles, which may cause fatigue and p redisposition of the proximal joints to eventual injury. This muscle fatigue may cause some persons to pre m a t u rely discontinue the use of their orthoses.
Limitations
Although each participant was compared with herself, va r iations (at times, ve ry large) we re found in the amount of motor unit re c ruitment between trials of the same condition. Previous studies have also found great differences in the use of joints and muscles of the upper extremity both b e t ween and within persons as they perform standard i ze d m ovements (Carlson & Tro m b l y, 1983; Pe r ry et al., 1981) . One way to control for this difference would be to use a "closed chain" occupation in which the distal end of the limb is fixed and the limb moves around this fixed point. Howe ve r, even this would not guarantee that the muscles would perform in a uniform way, and it would not approximate daily use of the muscles as does the more natural occupation in this study.
Pe r ry et al. (1981) found that "the use of EMG to identify intensity…of muscle action introduces numero u s variables to be considered and managed" (p. 12). T h e authors identified the variables as (a) the differences in the density of collagenous sheaths between muscle fibers, (b) dispersement of differing types of muscle fibers, (c) the inability to replace electrodes consistently on the same are a of muscle for trials taking place on different days, and (d) trade-off among motor units. The first two variables are not an issue in the present study because of the use of surf a c e (not intramuscular) EMG and because of the use of within-subject comparisons. The third variable was contro l l e d by conducting all trials on the same day and, there f o re, not m oving the electrodes.
The fourth variable provides another explanation of the variability in amplitude and density of the EMG signals that we re re c e i ved (in addition to different move m e n t s used by the same participant during the same condition). That is, if the muscle is not re q u i red to use maximum forc e for an activity, it may avoid fatigue by "rotating the action among different motor units" (Pe r ry et al., 1981, p. 12) .
In the present study, variations in the way persons perform the same movement and the aforementioned va r i a t i o n s in the collection of EMG data may have masked differe n c e s in middle deltoid activity as well as slight, but significant, diff e rences between orthosis conditions. A larger sample size might have lessened the effect of these variations and prov i ded a greater chance of finding differences among conditions.
As in previous studies, a convenience sample of part i cipants with no upper-extremity dysfunction was used, making generalization of results to persons with impaire d function inadvisable. It is possible that patients with uppere x t remity impairments might experience increased hand function while wearing the orthoses and, there f o re, may h a ve no increase in proximal joint muscle activity. Howe ve r, it is also possible that these patients might have the same proximal joint reactions to the orthoses as did the healthy participants despite increased hand function.
Recommendations for Future Study
The selection of muscles re c o rded in this study was designed to examine all possible movements of the proximal joints, including the possible substitution patterns of eleva t i o n , internal and external rotation of the shoulder, and exaggerated normal patterns of movement during this occupation. The study was not designed to isolate and identify specific c o m p e n s a t o ry movement patterns. Fu rther studies, with the use of motion analysis technology, might bring these to light; howe ve r, the great variations in movement mentioned p reviously will make this a challenging task. A variety of naturalistic occupations (e.g., buttoning a shirt, combing hair) should be studied for better generalizability of results. In addition, the present study was not designed to quantify the amount of wrist movement permitted by the ort h o s e s . Carlson and Trombly (1983) documented wrist move m e n t during use of one type of orthosis, and future studies could c o m p a re the amount of wrist movement permitted by differing lengths or styles of ort h o s e s .
In the present study, although participants practiced the specified movement while wearing the orthoses, it is possible that they would have developed compensatory m ovements after 1 week or more of wearing the ort h o s e s , which may affect the kinematics of the proximal joints diff e re n t l y. Studies are warranted of persons who have worn o rthoses for a number of days to determine whether the effects described are borne out or possibly magnified by extended use of orthoses. Fu rther studies should be done with persons with various conditions, such as rheumatoid a rthritis, carpal tunnel syndrome, or wrist sprains.
Conclusion
This study presents data that indicate that the activity in most of the proximal muscles tested is significantly gre a t e r when using a wrist extension orthosis than when free handed. Motor unit re c ruitment was measured with surf a c e EMG system. This information has many implications for the recommendation of wrist extension orthoses and for the prescription of wearing schedules. Care needs to be taken for persons whose proximal joint mobility is comp romised before wearing the orthoses because the use of o rthoses may add to the stress on proximal joints once the wrist is confined. Added stress on proximal joints and muscle fatigue because of a demanding wearing schedule may also incline a patient to discontinue use of the orthosis. T h e occupational therapist must evaluate the cost-benefit re l ationship when prescribing a wrist extension orthosis in light of increasing evidence that distal orthosis use affects p roximal muscle activity.
Significant differences in proximal and wrist flexo r muscle activity as a result of orthosis length we re not found. This seems to indicate that length of orthosis does not greatly influence proximal and wrist flexor muscle e f f o rt. Howe ve r, the longer orthosis re c ruited more effort in the extensor carpi radialis brevis than the short ort h o s e s or the free hand. This may indicate that length of ort h o s i s does make a difference when effort by the extensor carpi radialis brevis is a concern. v
